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"Salting ie an important nkase in the production of curar
meat pieces. The final results of microbiological, phusic-

and biockemical changes are specific colour, taste and odou-
groun ¢f
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~ wropertics which classifu these products
"delicious™ products. Curing rrocesses of meat iw pilaces ave
of long duration ard thercfore ureconormiccl for

N

ae a rule,

Iustrial production.

N
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As a result of the carried out zxaminations so far, *the ¢

of curing processes has heown chortened in ralatior to rravicee
(/:772" U

curing procecses. Products prepared from m-at in niceoe

ham, dry loin ete.) and produced by a curing process of

"shorter” duration are without specific taste and odour dye
toe which they are approciated hy consumers. The reason vhy
2o of Ushorter” duration could wot replace thoen of
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Drocas
7(0%98? Juration’ was ignorance nf changes and compcunﬂs

carriors of

[

appearing during ~uring proczssce and being th

taste and odour of dru tam, weck, loin, hacrn and similor
dried curesd meat product. In adAdition, mutual Tufluecnces 2f

engymes and that of meat onzu=

3

the activity of microorganism

during long-term curing proccssas, were not known.

wae to asviolsr the role of mic-

rocrganisms in curing nrocessces and to cramine the noesibilitn

cf applring the obtained recults in the proctice
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to the Taek of time, 7t woe mot prssihle to carry ~ut
coaminations with larger nieces of meat, suck as "priys’,
Cherefore it 2e not known whether the »roduction rrrcscee ~f
nriut” could be shortaned Py cventucrl Trtroduction of sub-

stratas, enriched with tha matters rvesulting from hiochoms -

sy 7 " ;- 4 AR : ed . .
crioactivity of microcraoanisme ard with +ho celoetad miero-
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INTRODUCTION

furing - a complex physico- and bicchemical pProcess iy whiph
e microorganisms aleo take part - <s well known in the mo-
rufacture of ground meat products. Factore taking part s

this complex mechanism are cxplained in the literature <=

detatls, However, this is not +the case in the process of drsy

or dry-wet curin ng of large meat pieces. The changes appaapy-
ing in meat -and fatty tissue of lotn, neck, ham and hacor,
during their long-term dry salting or curing are, speniall:

tnsufficiently ezplained in the g ctence and procticc. Hame Ly
o o i = T3

o

procasses and compounds taking part in the Formation of sveni-

fle and therefore exceptionally appreciated tas te and odowur
0f these products have not been defined as vet. Although in

the literature thevre 7o a large number of works on microorga-

nisme and their role 4y long-term curing procegses, the
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stgnificance From the etandpoint of science and even more from
the standpoint of their appliecation in practice has not hzen
2fined so far. Theip 2ffeat on the changes of meat and on

the formation of compounds taqkin part in the aprearance of
Y

"aroma of cuvad ham of "ppEyutr ¢ P or cured neck of "hyp-

ot

diolla” type <2 still loss known., This is not rPeculiar
bacause complexes of 20mpounds - carvriers of taste and odour

of dry cured megt products creo s¢4771 urknown in the scienca,

tn o epite of numeroys tnvestigations the resuits of which are



available in the literature. It is still disputable in +he
Literatyre vheother +he arrearance of aroma carricre is Adu
to change of nuscular tissue or that of fotty tiscu-, -»
of hoth tigcoucs stmultaneously, during curi ‘ng and Tnoainc
o dry hams and similar erroducts. Contradictory oninione, ze
vell ~e ecxaminations of simiizr rroducts heing ofton mrodyce
py different rrocedurce in various countri-e, Erine cowlusic
in this fio14 of sciencecs The wpollem connceted with hysn
miceroflore and meoat microflors ie epceinilly comrlox, Sorms
schoole rocommond AL ffereont cxamination tochnicues ~nd
more they cnakble commrekaneion of “he nmpchlom ge o whela bho=
cruse of different inteprra tation of the reoanlts. There is
not an  igrezd opinion on mieroflora heing dominant ©r £k,
euring rrocess and so it 1s quite undarstandabie that ocven
role of microfiora in +he changes arvearing in moqt i

euring eannot be defined that ther

w0t beon cmouph 2xp lana UrP=to-n the
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mechanism  of

mere 0no~sidod o

trete and odour of moan such o -
that the rrover ansgworp cornrobon
examinatiors. On +the hgais of +he ., 1t T2

thaz hore

N
=
N
3
3
T

comrounds

-

.
ars TIP2aring

N‘

ora.

nuscutar an’t and for whkiech 4

2987

ed that theu contribhuts o the formatior of mo

-
N
.\)‘

el

arcma, A larg: number Amboanelld,

APNeavase

-
i an Y
G

.
20qML -~

oy
T

20 A

Y i

) .
Tt rroduct

F’"’:ti’»lu

oFf

ol

Tenown

r

1P



Gorvasini,

Sant n, Rianchi, folcombo, Pddy, frou,
xsrmandy, Lubanov, MacCain, Macy and othersy establisher

changes in the contont and kind of amine acids, nmines an”
sther nitrogen comvounds during curing and aging of meot,

cmohasizing thetir definite etgnificance

MotToN.

Framinations of fat chanzes were also werformzd by o larse
wumbher of authors. On the hrnsis of the obtaincd rosults,

Lonina, Bianchi, Bolifakov, Cantonil, Fser, Farkad, Giolitt”
Garovid-Viasova, MacCain, OcKeorman, Blumer and Croic ~trto,

prokably rightfully, that carbonyl compounds avnonring w
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carricre of thoir

ceording to soma authors, the eomtant, nomely the pomnost -
tiom of free and svceially volatils Fatty celds econ cloe 7o
of eignificancs for the appearance ©f taste and odour of cars

cain meat mpoducts (Camtoni, iHolnar, Fenon; Giolitti; vamio g
Otaiekis Lengner; Shnak and Silliker).

On the Fasis of their own cxamination results, Cowtoni, Holnoz
Renon and Giolitti, then Macy, Hauman, Bailey and MUlton,

conzluded that, in somsz meat nroducts, w“hosphatides am=
rearing during the production process shoulsd he clascsified o

carriers of tas

te A small wnumbher of

and odour,
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Tor and Landmang; Macu, Nauman,

to eignificant chkanges twn the c

Bai i~y

ontent



sugars during the production process of meat products, sup-
norting this statement with eneugh arauments. On tha banie
~f this statement, +thou Present the presumrticn that suaars

alsc take ravt <n the changoae rmanifeste? s snectfic arecma

of meat rroducts,

T p S -7 -7 T an 7 A “ ’ - ]
it has bcen stated that Suiniur-hecring compounds, mereoomtan
.
—_— . . , ;
e nfarogen sulnhide can alss bo tha rarticivants £ Ff the
complex rendering tasts and oispp 2 some ment vrsAycts

2 ne

~ R N ;
(Zeltowskag forvstein, Crove, Sulztacher, Barnett. Fordin,

, ) .
In addition tr qlveay mentionod compoun
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iNr whtelh 4+ hos
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regn Proves or rresume? by varioye quthore thzt thaoy
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part tn the formation of tacte and odoynr cf meat and

rroducte, Solovjoug Hormany; and PShm ar. of oriniteon that

e o . 3 .
the siznificrme: 57 nuceleoridaa, nucleosides, TuUrineg, os8
well as theiv rpadycts of Tecomrositior, should wet Lo M-
tectes whon the meant avoma is congtdered.,

¢ of nitrates and nitvritos iwn the Tormatioy of cuyral

) B ., X .
meat colour hgs already Torn cenloinad, Aowevzr, ceeordina

to the oninion of o larce numtor oFf authors, thoy gler (ol
rart in the formation of specific taste of curod maat, throunk

thz reantion "ecuring hetweon mitrites and gomMe comrorenta

muscular tissu« (Brooks, Heinzs, Mrrvan and Pace; Grose,

Letgler and Rubing EdAu; Crau and B3hm; and Palitzser).



The literature Adate on the microflore of brive awd
could be divided into several basie fielce,
Mavy authors nrescnt +he dato on the count and kind

)
na

E7:

teria and other micrcorganisme, isolated from curing brine
¥ meat products. Pallu; NZapo; Cral.am a

. . . . . _ ;. ) ) .
Giolittd =t al.: Stedanov; Verbelen; Contoni ot 2l., os Z
. . . :
as many otteop Aut3R0Ys, Oniw e+oto the pracance of meerooyrog -
¢ . ] ¥ <
. . . . . . . L,
nieme Juring the curing procass, uthat e aurite logieal Tooequse

24
1A

2y examined vario curing rtrivces for pumping or

as well cg differront rarts of carvcarcesn
L 7,4 Al y 7 b4 8 nt o mn 7. A -+ " o
rent xinds of animaila. Howeveor, they di4 wnot give a
19 . . 7. o~ K : .
answer regarding th- count O] microorganisms

o0

o

riving from A7y

n different

as vell as regarding tr:» mutuql relation of in
kinds isolat-d during the producticn of dif-
cured meat products.
de for the finding and significance of individyal hacter '
kinds and microorgarisms in gemeral, and spocially whon Aot -
mination of mizroflora during curing procree 7s in quaciion,
one hardly can get along with +he mass of different an’ of+--

diarnetrically Orposite regults, An

of quthor:

s

constderad this prohiem (Sulzbachazr; Pal

maric Ferrari ot ai.;

2

Graham

8]

ngd Blurmer; Giolitti at al.).
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rawn out on the hagsis

Yuharkove et al.; L2lStner; P

+

of tholr craminatior results

ercentionally large nyrmb-»
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The cnly conclusion b+
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that different microflora avprars during the curing nrosses

o o

of different reat products. Dopendent on o larges numher of

Jretors, such as concentrations of salt, nitratcs, wnitrites

and sugnar, pH valuc, temperature and time, halotolerant Gron-

. 3 .

“posttive or Cran~negative microorganisms adavted to pougt-

. .

2lte conditions dominate during the curing »nroccea.

Detendent on the group to which thay belong, domimcewt micwro-

orzantams zxpreces differewnt enzumic activity. Among other

ih“’l/‘-/s gome of them are cavnahle of forming desirablis or vur

destrable odour when grown on spectific m2dia, as establisi .-
by Glage; RaSeta; Kuhole; Heilo and others. Howevor, i1+ o

et1ll unknown whother they can manifest +hie proparin in rpro-

often prasent only in o small numbeor.

dn~+0~vow obtained knowzm on thae tolerance of microorsa-
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nrems to salts is significant, although the preservs

)

ilts on microorganisms in meat and meat nroducts

¢
!

et been aefined. However, the first preYequistte for
organisms to act positively during curing is undoubtedlu th-ip
ely

toler ¢ to salt to a certain ecxtent. Mors precice
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they must grow and express hiochemical activiiu in media con-
taining a rolatd vely high content of Hall. Preeious dota with n
thiz fiold were obtained bu numerous authove (Tomsomn;

? ; ° gy A LI 5 . ’ - 7 . t Y
Volifere; Savid, Mailet; Rockvel ot “les Pettersew; Alzievn;

ML NI VNAra;



Ficcher; Ingram and Kitehell; Vojtkevi; Groham; Jowna; nlon;

Kuhorkovay Pohjay Pollu and many othoers).

We chould agree with the oninion of Wolnak according to which

histic look at the apnlication of son-

=

11 origin In the production of foode.
The reason should be looked for in the Fact that the srheres
useful cnzymic action has not been cufficiontly studiod
up as ycot. There is epccially a lack in the dats referring
to bitochemical nctivity of microorganisms grown on natur:l

substrates, such as meat and fatty tissue. Very wuseful dai-

ad

. L ~ 7 A
covering tnis field have recontly Feon obtained by Halmann,

talian cuthors - Cantowni, Giolitti, Pian® and others.
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the vroblem nr a vhole <8 Far from th- complete solutron.
numerous ratonts aprnearad, aveeially during las+ uoars. OF

3
1)

atenis 3srve to authers and manufacturers to protocr +heo
Jreez-dried (or rreserved in some other way) Yactive o« Swndl

g Ay 1 P 2 . by J
vidyal or mized ~ culturcs. The vreporctions are advertiaecd

to a high extent, although thoiy real valus has wmet Foewn eerme
nictely rroved and rrohakbly bhecaus of that their uss 41 mpra-

tice has not reacksd larger proporiions ur +0 pvoson+
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On purpose to answer the gquestions set by this profect. and
arplying the technique Jesceribed in details in

t
annual reports. the cxaminations of pork neck (for "bundio-

.

o
lla”), fatty tiscue (for dry bacon) and ham (fow

during their curing were performed,

Q

For better clearness, the obtained results - the samz -z in
0 tvided into three partes:

3
o
@

[
Q
R
D
Q

1. EBxaminations of pork weck
B, Examinations of bacon

C. Examinations of ham

4. Examinations of pork neck

These examinations ineluded +he following:

1. Chemical and phycico~chemical changes of neek during its
ecuring;

Z. Orientation examination of cetive microficra iv nmeck during

mieroflora being dominant 13 neck

4. Examinction of the catalzesz reaction of isoicted Gram-nos{-

tive cocer and bacllli;

o

o« Fxamination of mova tmportant biochemical propertice ~f
+

microflora bein dominant

Q

in neck during its auring:



dominnt v neek Aurins its
A PR ) v 0 7 7 a ~ ~ - 3 g

7. Eeporimental chacking of the growth and actrvity of eclasted!
Mrererrgantsme wn cured and drisd musculay tissue: ~nd

- 7 S Py o~ 2 .
mental production of Adry vork neel By anrluiw~ +h-
e

. .
emamination resulits rragconted in Previous vavovie (7 ilo
| A LN L . Ll
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) itniteate that scme gszlepted culturesg, and cven more aomies
4 N oL v MOre ISR 7

combinatinns oFf - 7
combinations of ge lucrce nraanolant
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f eured ment. Ineouroging recults were aler Ah+o: -

prepared from fotty ticsus. Starting Frowm +1a.
~ - 4 2 7 .
and dry bacon” were cxverimentally mpo e
/)ct - ey 7~ y NP * an o ol - -
leeted culture combinaticns., The resulie of
are vresentad iwn this raewort,
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Cond vk neck, rrovared iwn +he usual WY, WePe inizctsd with
aolooatsA , S 2 - 4 j :
olaetod culture comiinaticns (A4, B, ¢ and D), Adry=cur-l in
o . e e . - C e .
rocuctron eonditions and thewn Avricd 4w th. Travagzlini’ s2lima
chamb-r 2t 18 = 150 and ot clative Fumidit 7z ¢

, “tode = Lo Uoand et relative humidity of 71-807%, for
3¢ Tays,
i weighing 1 9] ey oy : .

weirgning 1500 g. on avep~ga rers ceura2d with dry

curing mixtur: containine 95% oFf sommorn HaiO | on
e ] < fad 3 |
=407 sucar. Culturcs ~f the following (var. Lacto-

bacillus nlantarum), 018 (micrscrceus

»lantarum) and 769 (yeast beingistill undeicrmined im A-tqile)
catle ),

D

verc nrepared by a speeial, rrovicusly
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were ortaived by mi
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10 in 1 g. om average. T

2 surface ant
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tn deap interior layers
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combinatione,
ifter the completion of curing and
deying, the content oFf water shous

N Lo -y i- 7 “ Tl 3
eases., Lonirory o that, +he covtente

o 7 - g
INCreas ey prenoprticon
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pereentage of NaC shews 1 nature

.

rrodycte 1+ ranoes

[ ! 4

nd at the end of drying

s o
i)

. )

nd de present changes iwn the

«

Tables 4da, 4% a
amino acids after curing (4a), after drying
an’l after drying for 26 days (dc), of cxper

Y. Suddewn increase of the content

in comparison

of drying as well (Table 4c).
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found in samplzs of “bundiolla” vroduccd with trie soloeted
culture somhination O, *eing somowhat Lower i samplzs pro-

N

5. Organoleptical ecxaminagtion of dru neck twiootod with
seleeted culture combinations.- From Tables 5 and &, ar wel?
as from Figure £, it can He cron that neel cnmplws Imicoted
with the selooted oultur- comhination B, and to o

cotent neck samples injeetord with the combination €, chow
the most desivable erganoleptical properties; taste, odour,

ly surpass those 0r other gsampl
ties of sampleos injeeted vIth +the cultures combination 4 ~lmosi
do not differ from those 0] control samplecs; however, orga-
noleptical propertiecs of samples injected with the culture

combination D arc even worse than those of control sommnleoe.

Q
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slight in the majority of samplos.
nfter the completion of drying, +he

. 7 : : -
retds Tn bacon producsd i+ culitur-

. g . .
ig 2ver 1%, According tc cxnpeeta it

o~

rite and salt are sradually incPc?scd} Fithoush  umevenly <u

}’?0-,—

different

,

evaluatioy o

tem with 8§

#6 sz2en from Tablcs 10 and 11, the samnice of bacon rroduszaed

with the culture combination ¢ ape macst biaii P -
[ [ r € 2o0mbination ( P most Zigku7 2V uatoa Yooy -

ing their organolertical rrovertics. The Jdifference is eneaialls
exrreseive tn the cvaluation of thicr taste, in eomparison
ols and other cxperimertally nroduced dvy
bacon sampies. The same samples (C) were Judged asz cccertabls
) and very acceptablec for overall accar-

tability. The above mentioned statements, hut t0 someowhat
Lower extent, arply alse to dry Facon nroduced wi+th +he I TAAD
ure combination D, +he colour of which (roferring to bt
seular and fatty tissuc) was Judged as very aceontohias.
Orcanoleptical proportise of dry hacow indeotod g

combinatione 4 and B are idantical to, cr enly 274:

Jerent from, thosz of control samples.
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tal bacteria count and individual counte of halotolevrarit,
saccharolytic, Iipvolvtic and nroteolytic hoacteric were cra-
ing - at intervals of 30 daus, as weli aq

ction of drying. The obtained results ar: pro-

ure &. As secrn from Figure oh, the surfaces of

unt 78 cowmsiderably increaced after the fir-+

0
and the second month of curing, and aftervards 7+ remaine

approximately the same till the end of dryivg -~ alour 10° in
ig. of meat. The same can be statad for their Fiochemical

activitiers, If counts of lipolytic, saccharolytic and rroteo-

lytic bacteria are congidered. i

N

Mieroorganisms with saccharolytic, lipolytic and proteoiytic
propertics were alse found in deep interior layers of "pr3yt
during +the whole period of drying, although in o very small
runvar (Figures 5b cnd 50).

< 7 y 3 - ™
g, Cm 1o oan t mrer oflora c F by I oy ¢
dur i nyg it 8 dr y i n g

fesults ohtained by the cxami
a

nt during the G-mowth A

10V~ 47, . .

10 bhan 80-90 pereents of mi roergantsms found own the supt
J b, 3 - J ! ST

OF tnpX. 4t T 4 . 7

0 Prout” during 1+ts drying and after the completion of Aprys



”7&(3)”007‘;/071 sme qro

of nicroorganisms. found tayers of priut’
represonts microgocort.
3. 0 7 e m 1 e a 7 e ramina Z 0 n s o f oy 4 oy
dur ing it s dr ying a n d a ftear t r
compl ot < 0omn o f druvimng
Basic chemical indices o "pri3ut” during tts drying and ofter

in 0
the completion of drying arve rrescnted in Takle 12,

ng the process of dryive., Tv 0=
1ished product, <.e¢. after drying for 6 mownths, the montort
gl

M
of water was 40 percents. The con

and salt were inerecased. Juring curing, *the contenrt OF mitpi-
tes was increased and already after druing for 30 days 1Y was

Q
Y
s
&~
'..l

considerably decreased. Doersase of the nitrite con

continued even after Z-month drying. After dryimg for & montha,
ell after the completion of drying, the content of nitri-

8 very low - hardly about 1 mg%. Tt was stmilar with the

t of nitrates, ecxzespt that the obtained valuy

t

he completion of arving, "pr3ut’ comtainced about 2.4 meo s

At the beginning of "prIut" drying, pH value did not shou any

- -
T

more essential changzs., After drying for <2 months

v

<3
<
=
=~y
<
[N}

was considerably changed, being akout 5,87 in the finished

product.

.

gnificant changes of fatty tissue wers obarryed durivg dryineg

7
of "priut”. The peroxride value wae constantly Zneregsad,

month to month, hut in the fanzskca product it was not more
h

than 4.8, The same havpenod +o the quantities of frec fatty
2etds, amounting to about § mercente in the fimished TopIyt”.

ucs wWoare highcor
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As eccm Jrom Lthe presented results, the content of free amine
as eonstantly increased, with Lower deviations, un to

the 180th day of drying. This inerecase was more exprascivs

wng, up to the 80tk day of dryiro.

J
ble inercascs wore those nf the
a

asparaginic acgt serine and valine. 4 cortain decreas-

bserved at the ond of the cxaminegd

d
contents of histidine, proline, threonine, lysine, glu-
nd tryptornhan was o

u

reriod of "prs
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salting of.Zarge mecat pieces — most froquently with se
has been known for centuries. Already in IX centry, a3 recorded
Ly HomeTs ancient Greeks calted pork in order to prolonge 1te
fe. Gabrius Apicie, foman wpiter, described in details
n nd smoking of ham tn the time of (24 Dioclatran.
Poryugio Facllt (1511) thinks that the moderm proceiure O]
itpp3ut’ 8a qlting in Furope traces ite origin to 4 Holland fisher=—
man, Wwilhelm Benke elsz, who 1ived in:VI centil
Jongon, EVen the word Yhocon! = comprizing salted, cured and
amoked pork, originates from the Spanish worc "bucan' ~ salted
and emoked pork.
tion of curcd meat picces is a procsss where each Drevious
gtage causges changes in the subsequent stage. considevatior OF
ge only does not contribute 10 the understanding of the
cssonce of the production, St ‘nee 1t cannot explain all the chan-
goe manifest .od as specific organoleptical sharacterictice 0F
finwshad products. In the whole complex of happenings ﬁuring
dry curing and subsg equent drying, it is almost 1mp
n:

erngsider separatelly only microflora and 1ts 7

changes occuring at that time. Therefore Our discussion am Gl
seemination results referring mainly tO the role and changzs

of microflora during long-tern dry curing, eneircles ol

- starting from the raw matertal up to the fintshed product.

count and kinds of microorganisms in pOrK and Lacin Auring thoiy

long-term dry curing.= There are many data in the

2
on the count and kinds of microcrganisms durtng curing and TRI7N]
a

nf el ). . ~ ay "
of meat products, such as ithp3ut” and bacon. The s



a
ler pieccs of meat, for which the Literature data can
t

,
L
nardly be found. Due to many differences in the woy cf pro-

duction, as well as due to different technigue of hacteriolo-

gical examinations used by various authors, the results of

alrzady published works referring to the significance of mic-
roflora during Zong—ter curing of meat, can hardly he cvolio-”
ed, compared and used. Different interpretation of simulor o
even tdentteal results by various authors makes more difficul -
the comprehension of essential particularitics. Hepertivloas.

.

the role played in the changes oceuri ng. during. curing o7 moot
U

3,
P
Q
-
\F
N \“‘.

ributed to microflora by the majority of research wo»n-
s¢ changes influence: the formation of desira

noleptical properties of finished products. As for the findinns

of bactertia count, they differ to a great extent., Those AdLf-
ferances are due to alrcady emphasized diffevences in eurinyg

methode: dry, dry-wvet and wet ecuring. 7
2 emphasized, because the valuzs obtained by imdividual

authors range from 1000 to 100,000.000 in 1 cem of curing hrire

namely 1 g. of cured meat. It is +he first datum caxplaining
why there is not an uniform opinion of the role of microorge

if
ntems in physico~ and biochemical changes occuring during

curing of meat.

The sceond important datum rafers to microcrganism kinds stat-.
1s miereflora of curing brine and meoct Auring curing. 4 grouv

of authors dirccted therr cxamination oxr

L
A 7. ¢ . . o . .
rwentification and classification of v. ipsuch

Wwhich = as domimant flopa - ar. presumcsd to play a significant
role in long=term euring at low Lemperatures. Other authore
“pproach the examinations witheut arny theorotical prejudicec.
On the basis of comprohensive craminationa, numerous kind oF

o
7L

eteria, and from recently yeasts ae well, are citod as mice-

roflorq of curing brine and meat. According to the results of



such craminctions, the following kinds of bacteric ~re mo=
cquently present in the curing brine: mtcrﬂn9z<? gtrap -
cocel, lactobacillt, achromobacter, pedV0000@1, vibrio, co-

Liform, artrobacter, staphu lococei, phlavebacterium, and thos

ted halophilie and psychrophtlic bacteria, s well

v can positively be declared that in the literaturs thove

<s dealing with mutual relation of microorganien

kinds found <n curing brine or curead meat, nor the dotna

©y

showing which kinds of microorqanisms are the charcretaristi

.

and deminant onecs in a perticular curin ng procedure.

3

On purposc to establieh more preci: sely the participstion of

mizroflora in b

ochémical changres during meat curing, the

<
SN

Q
N
.
0
‘-§+J
[
I

subject of examinations carriecd out in the course of
last ycars was the cnzymic activity of soma microorganism
nds tsolatod from curing brine or meat. Altho ugh 1t has ncet

7z
3t1ll beon cstablished which hiochemical . ctivitica - and to
c

+
D
“h

h o zxtent - are ne ssary for desirable development o

changes during curint, it seems that such hacteriolo ogical
o

QO
S
Q
o,
(6]
~
R
\\‘.
3
Q
(9]

caxaminations will show more clearly whicech mieroc
and counts can be considered as useful ones. The cxaminaticne
of biochemical changes in cured meat carricd out so foar, have
given certain data - although not defined in details - on the
carricrs of taste and odour ¢ of cured meat. Thosz cxaminction
could be uscd on occizion of studying the enzumic activity of
mieroorganisms, a8 an indication for findina out their posiiive
role 1 e

tres of cured and smokeod meat picces. Praeticaz application
2f so-called Vstarter” cultures to other kinds of muwat »pro-
ducts haes shown that the activity of Tstartsr” culturcs s
not dependent on their number only, but cven more on their
blochemical activity as well as on their reolation to other

microorganism  kinds betng present at the same time.



-

on recults chbtained UNtLTll now

.

7z
angd known. Lo U8, 1t can ko statzd tho+ during CUPING MLoro -

Z - &
Arr g A v Doy am PR + 7 ot e A ca Z.ﬂ 7 ratec £ ot
Zrgantoms takeo PariT 1n the CARNge & Djoearpo jC. ted, 12+t

e queetion Zs which kinde of

eroorgantsms, and <n whish number and relation, manifest

By examining variocuc rarts and ricces of pork,

zegentially one from another regarding theip microgt

and relaticn of museylap and fatty tissucs, we

rreesdure of dpy curing, the comrosition of dry curing miz-

ture and microelimetio conditione, For the curing nrcced
defined in such Way, as well zs for the urying rrocedur:
defined later on in the same vay, we esteblitshed the total

count and dominant kinds of

!
tnte and at two different meat packing vlants. .+ +he sama
€s We examined the bicchem mical getivitu of dominant mig-

m
roflora which can pe oF etgnificance for the ehanges cppyr-
u

The obtained reosults roint to df ferant rag+es of nenatration
of miercorganisms tnto moat during <ts during, In large meat

z
Pileces, such xs ham, having » larger pari of zuriace covepsd
t

with siin and subcutancous fatty tissuz. the microcrganismes
are fourd only in the reriphery layew of the medial sid- of
harm, whevreas in smaller piccees, sueh 28 nzck and baeso
microorganisms penetrate into decr intopion layere. However

@ common property of all cxamined FPieces Ze that the court

L “

) mieroorganicms 1s gradually byt constantly Inecrensoed from.

.
R
x

the beginning to the end of dry cuUring nrocoss e
in total bacteria count, but they gre devendent
on the initiaql eount, Z.e. count in raw material,
2 2 smaller eoxtens on the curing procedurs. Although the

tempergtyp,e of curing ranged from 0 ¢» 400, the microopraansar



medial surfaceo layer of ham, On the bhasis of +hoos voany 7t
W il (54 LR S A ] K3
it ean be gtated that tho tnerease ~f micrcorganism COUN L
‘ : gan FouUnt,
» PNy Yo7 “ 3 4 g i
Ffrom about 10 107 in 1 g. of raw meat to zhout 107 1

4 N | v A A - ol 7 3 7
1 ¢g. cf cured meat, 18 characteristic Jor the cxamined Advuy

curing procedurs, lasting 30 days on average,
* R

pominant microflores of rork during its Ary curing,~ Groyr
tdentification of domi nart micereflora during dry curing bas

M

Saown that in meat of neck and baszon, aqs well as in the sup~
Jaca layer of ham, Gram-resitive cocer are nresent in the
ber, being followed by Grom-positive bact17:;

r

rresent but in a lLower number,

tegardlcss of .all variations during cxaminations,”it hos boen
extablished with certainty that more that 609 and 2von ur to
75% of all microsrganisms bpresent during dry curing of ngch.
ham and bacon, gre Gram-rositive, catalase-positive coops .,
They represont characteristic and dominant microflora cf +h:
coemined dey curing procedure. Other miercorganiem Lin-
lcatalaose-negative and positive bacilld, yeaste, unideontifie”
halotolerant an, pPsychroohilic bacteria) are acetidzntol <o~

e Ny M = < >
that their mutuc? volo-
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nttial count in ray matericl an’d o

e

7
araphg 74 -
?w[ldlébtu to adapt themze 7vas to the conditiones of tha caamiv.-.’
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24 o low percentage — 106 o 20%, their rcla must not be

3
nggﬁeﬁtéu.

piochemical activity of selected mic roorganism kinds own

3 oay - - o+
natural substrates - meat and fatty trsSSuc. [t

cmohasized in the litcraturs that the pr0ﬁertzuﬁ of rmicrror-

gantems, obtai ‘ned on nutritive synthetic media
1 tione, are not manifested in the same form

aqme extent when czxamined in meat prod lucts., IOn purpcas o

e microorganisms heing potenticlly seful i boTo

tty tissue, we applied our owrn procedurs., The ro-

eulis chtainzd by aprlying our own procedure indicate thit -

cnly a certain number of microorganisSms, which showsd a Fich

, rota ing this rro-

r s
ccasion of growth on both fatty tissue
1+ can be stated that t

n on media.prepared from fatty tissuc, ranely

V)
m
~
®Q
Q
o+
.
\.)

e
meat, represente a good method for finding out the strains
t

’ ' P~ ~ 2l 5 £
which can cuccessfully he used for the accelaration of «

defired method of curing, and even drying ana oging.
Conditicns for rractical apnlication of sclecied Mieroorganisn

cultures during dry curing of vork.- Numeorovs literature Jata

., i e,
on dry sausages ave the best prooi that 1t 18 not simnile U0

ply "starvter’ cultures
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of more rractical importance so far. In the course of o few

last years, ncw procedur-e of bacteria growth for nroetical
a

vt tndustry wers examined in various countris
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and tn vartous rroducts (Weevizov, Petrov, Ingteaqd
% _ - A " ol . £ - - 7 - .
of the data on bacteria 4w freosen or rrccne=drigd forrm, the
.

dote on the application of substratee tn which the lacterig

pere praviously growun are move and mere found iwn the 1itepsn-
n

Partially on practica

show tnq+ the

o L Ioon > - -
PLIPATLON FOY tholr Injection Irto meoat - Tireqady %
our work - contributed to #ioq efftetlent activity durins

ar solution <n whiech the micrcorganiems wepe
rown prior te their injection 1HE0 meat, an:l temperature of
0 = 490 at which they were groun, contribute to the ~dgmia-

tion of miercorganisms to new conditions of grewth (meat),

S

nrobohiy by 2etivating theip enzymes. Alive cclls in +he

SUSTaNELONn, Suprportsd probably by enzymes Formed or getivater

in the sugar solution, exrress their activity TG ~

diately after injeetion. The rhase of adap ton lasts «

short period of time,

¢ could not eheel oyp rresumniion duc to the lack D7 Eume,

S g . P . 7
Lo geems to us that probalbily a complex cf ext

MeS 1e rresent in the susrengion of cultures

kent 4p frigidaire fopr 5 - 7 doys, T

o 7

&5
O
)
S
o
‘<
3
D
]
0
<t

=,
3
B
)]

z
“Oler the injection of culturzs inte meat,and later, o



. 1, PR . P N =A 2.
ring eurivg, the cetivity started by ENZYMCE sooreted 1

. »

b medium tu which the bacteria were grovn e continyed hy

b

in meat) Secreting new enszymes as g
t

, . ..
rosnl s 1 e new medium to whiay

obtained Pesuits, 1t pgn Pe presumed, with enough probability,
thot the uee of Yeolgrad baoteriql ENZYMES In the curing oj

meat preccs, could bs g further trend of the eraminations,

Y0 prove this pr@sumption, NUMsrous examinations ar.o neceassary

Eroorimental production of "Pundiolla’ and bacon,
3 ——tZ @nad bacon,

we know, the datg on praciical application of micvoorsaniams

during curing of Pundiolla’ and bacon cannot 7. foun’? v

. . )
Przevious Tren fe

the litcrature, Netihor gp. there attempts of

. . - -

ment of hams for PrIut with mieroorganlsms Or producits ¢
choir motabolism, One of the reasons for that 1s certainly
the long-tarm ¢ ofF production necessary for +he comprehon-

wa
ston oF all desi aklw or undesirabple resulte of the actiuitu

~

7
of the uscd solected Cuiture or cyltiypree. The emall pumbeoy

of cxaminations was therefor. 1imitod +o lahoratory conditions
Stnez ve sucecade n reducing the time OF the laborgtow,

part of eraminationg by wusing 4 specific proc-dure for

<
Q

5 " 1R practiecql conditions by app
gantems. Hams for Pr3ut’ L0714 0% be examined 4. the same
ay due ic ihe lack of time - the results Could be obtgined

only after drying for 8§ - 10 rmownths,

Yhe rosyl+ts obtained by the production of "hundiolla" ana
bacon in ipe bractice show that the time of CUPTING can ponad-
larably b shortened, from 30 ¢ 10 - 79 dayse, py arpluing

the Seleopteq MLeroorganisme combinations, I additior, . “rtain
cuZture combinations noe only stabilize the Speetlfic and
desirabl . Provertizs of pacon and "bundiolia”, py: they 2lzr

. p" . N - . o .
TProve them o 2 consideraple extent. As for the sSvrecific



tasto and odour, changes er amino acids, namely of the content
of free fatty acids, are ailso Very significant for thoip for-

maition.

Organoleptical examinations show that bacon produccs with
the combinations C (m 1ierococcus 018 and ; Yyeast 059) has coned-

dorably better colour, taste and odour in relation te

0
gontrol samples and other examined microorganism comhinatyd s,

Bacor. produced in such was has the lowest percxide valys
(Eclow &) awnd, at the same time, a higher content of fre

fatty acids already after drying for 10-days. Further cwomi-
nations, namely analysic of the composition of formed fro.
fattv neids, and rerhaps some other compounds boing wet b4

subject of this work, coulid probably caplain in more details

the vole of applied microorganisms and their conncetion wi+r

compounds cousing the improved quality of bacon.

Adeeording to organoleptical svaluction, "burdiolla™ nreduess

eulture combination B (microcoscu 018 and Lactobg-
etllus plant carum), and to a lower cxtent "bundiclle? Ingocte
with the culture combinations C (microsoceys 018 and yeast 05c

cesentially surpass the controls and all other cxper

Q
RN
~
Q o
Q3
a
)
3
o+
Q
i

P
samples, regarding odour, taste, colour and oviopa
Lility.

"Bundiolla” producsd with the cultuyre combination ¢ has tha

highest content of free amino aeids, Somewhat lov.r contont
18 ~bscrvad in "bundiolla" samples marked with B. It 15 vern
significant that samples of "bundiollq
“valuated as the boe oncs, have different conteonts of Tnei-
vidual amino acids, in relation to bot

other cxporirontal samples.



Yyt chould be camprehcnsiveZy eonst

of microflora only, or Eiochems cal chan
cxplatr the complex haeppenings. By sing?
of biological, physical and chemiconl e

raw materioc up to the finishei product,

.
cxtent in realizing more sleari

. J 7 - B & N -
during curing and "agine! of these prod

~

cergantsit preparation for the uyse in
llo

be

~

as Fy simultaneoys following of changes

strudy within this field

. .

d
of cultur-s {solated during a definite p
o)

tion, selacted by o eim

7
dizions of the defined preduct, gave
lectad not only in the improvement of

.

L
rrovertics of the product but alse in

meat and fatty tissuz, we established our own sustem

of meat science

te technique and adapted ¢«




CONCLUSIONS

”
20 - Z0 days, have g teXelalutors

haracteristic regarding the total bacteric count, A+ the
end <f curing, after graduai huye constant inerease, the

& reh 5. ,

terta count was about 10 tn 1 g. of cured meat,

) In all stages and at +he end of dry curing cof ncek, hoeon

and hem, micrococe? were the doms nant microflorg, representing

hout 60 = 70 percents of ail mieroorgantsme. OtherAminroowaaw
b ] J

Q2

ni8ms werec Gram-positive, catalasa-negative baeills and yeasic

(20 = 30%), being in a mutually changeahble relagtion.

o

. . o .
3) At low tamperaturcs ranging from 0 to 4 Cs a high percon-
vage of dominant microorganisms is able to reduce nitrites
and to decomp03c sugar and fatty tissuyec.

¢) On occasion of crowth on Fatty trssue, the colecteod mic-
roorganisme isolated Juring dry CUPING contribyic to Figher
Formation of free fatty acids and othep compounds appearing

23 a rosult of fat hydrolysis,

5) The scleeted microorganisms and their combinagt

useful effeet on meat during <ts Adp: euring, <

rreviously prepaved by being kept - suspended in 0,57 aygar
%)

o N :
mmat 0~ 47C for &5 -~ 7 daysa.

roorganisms 1n the combinations C (micrococcus 015 angd unde-~
termined Yeast 059) contribute to the reducition of curing



7) The szlzeted culture combination 2 (micrococeus (737

)
)
2

3

Lactobacillus rlantarum), and +to somewhat lowsr spten+ e

culture combination o (micrococeus 0168 and yeast 058)
injected into pork neck intended for "B bundiolla” productio:,

raducez the time of curing to a considerapie c2xtent. The nro-
ducts obtained in this way show considerahly bottar taste,

odour and colour +han the controls.

§) In hams heing «ry cured for ths prOduction Of TnpXer
miersorganisms are rPresant (in alvread

anly in the medial furface layer, During furthgr cuU
well as during o1 ’

count in deep_inter

7
ranges from 16 te 100

9) Our results,chookod in practice and summarized iwm the

conclustons, confirm the poseibils ty of ecsential changes irn
c

9]

the production process of cursd porlk Picces. The anpls

o

"f selected cultures prepaped bu being growm in the =ay
solution, resultse in essontial reduction of the Production
"recess and in the improvement of organclepticql Provertica
el cured and Aried rork picces, in relation ts +he ueual

Y/

rroduction rrocess,
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vate chemical imdd I 1, 4 .
Eil_—i-: - [ criirees Of nor’ negci nmilectend 137 L e .
SAECT 2 With selectaod

- . ,
culture combinations 12 t complety c n
2 _after the po Pletion of curino

¥

Yoe enm st gl me peo 1, s

p - URaw meat . Cured controlsg A P s '
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Tomtent of free amino aqeids in Bundiolla™ iniected with ceoloctosd

P

s

~N
b}
=2
W]

culture combinations, after Arying for 20 de

( “mole/g. ~f sammnie) 4

Tahle iR

"Bundiollina" indceted with culture com-
“wo 1eids binations (after drying Ffor 20 duys) Tontrole

2
A R - D

ne + 1scleueine 13,170 14,765 14,570 15,950 11,71%
Jlalanine 3,118 1,825 i, 825 4,845 5,232

()
3
=
(84
hal
e
“
()
S
o
™
“
N
>
N
HN
i)
Qo
>
€N
)
X,
A
O

toNAIN -7;(:"22 ]:722 297’9: ZJ“"IJ_ ‘763(’
“nine 4,700 327 6,710 5,70 L2008
s 3 K} 5 s

S -
3
[\

A\
W

(&'

(5]

V)
‘s

Ne]

~N

RN
o

™

©
~

o
("

-

~

[

[\
“

e

<

[N

ne 15,100 16,050 14,820 2:88¢ 12,7953
lne + threaniﬁq** 6,200 E,180 5,513 £,380 £,147
mirie aeid 10, 160 d,124 8,751 8,510 G448
e 2,982 3,470 3,705 3,860 2,905

2,920 3,980 3,950 2,643 2,08z

ginte acid +

g ac ; " f o

o kAR 4,840 5, 93¢ 5,908 1,67¢ 4,605

15 -

Tie 3,870 4,857 4,340 4,280 3,960
1,710 1,725 1,982 a,175 1,841

— ——

tontent: 72,653 83,812 87,871 7h,517 72,488

Ty

? Value of three sampies

e 4 t

N

reonine - axpressed as nroline

Araginic qeid + arginine - exrressed ns GPGINT
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A
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ITee amive ocida 7

o]
-2

VT M1 an 7
4 a

LT

by applying Selected culture comuinatigzi
(mole/g. of samnic)*
Toble 24
e T T e _M‘_‘-‘-—_'m - T - 2 e -—
- "Rundio; 7w D eULTuY s ecom-
o acids éigatgggs Irying for {Q_aaus)__\__?gr#r@Zg
4 It r 2
‘;Wgﬁg * 1s0leucine 12,845  71z,770 14,560 14,005 17,828
“wylalanine 3,187 E.980 5,335 5,548 1,420
1ine 5,680 5,830 £,070 5,040 1,083
mintophan 7,390 1,682 1,85¢ 1,482 1,328
ronine 5,050 i, 267 2,672 1,705 (700
oo ine 2,050 g, 2,585 2,710 2,388
15,850 15,690 15,330 13,160 17,000
PTine ¢ thrconing s 6,083 6,385 6,880 €,257 5,740
vieminde aeid 11,970 11,620 12,820 12,865 11,790
Sz 3,200 3,470 3,652 4,335 Z,i07
i 3,027 3,838 2,020 3,303 2,04
At acid 4 4,570 5,880 5,747 5,005 5,071
dine 3,995 1,720 4,265 $,18% SO
20 1,974 1,838 2,178 1,975 1,77
,,,,, ~ —

ZO0ntent:

Cge value oFf three samples

7».7,.'1 N . . .
e A+ thrconing ~ expressed as proline

eitd + arginine - expressed gs
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Basic chemicql indices of bacen injected Witk Seilepted culture
combinations, after curing for 14 Adays
Table 7.
Bacon Peroxide Free ﬁaﬁO? rano, NaCl
“ </
samples value fatiy o o
.o may mai i
acids -
4 2, 34 7,26 2,37 2,80 1,58
2 7,30 0,30 2,50 3,00 2,06
C 1,03 0,20 0,25 2,40 2,85
D 7,88 0,26 7,50 2,18 2,88
Controls 0,66 0,25 1,25 1,70 2,20

.

Basie ckemzcal_indices of bacon tnjected WZth selected culture

ombinations, after drying for 10 days

Q

Bacon . Peroxide Free NaN02 NalNo , NaCi
samples value fatty ' nas ar o
acids 7 g . i ”h..m

A 3,38 0,84 3,10 1,80 2,54

B 4,83 0,73 3,73 2,40 2,78

o 2,25 1,12 1,57 1,78 3.855

D 4,17 0,86 4,70 1,50 3,60
Controls 2,341 0,66 4,20 1,70 2.10

———— ——— e
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Content of free amino acids in "préut’, during ita'ouring
and drying

(pmole/g. of sample)*

Table 13,
- B a m s "Priut’' after do» ytng
imino aeides raw | After 1 9 3 P s s
ouring | month monthe months months months months
Jor 30| .
days
otne +
iolencine 1s26 9,12 14,50 320,40 28,70 35,70 39,50 47,30
Z?Z:%.’.I 0,17 3,96 421 8,05 11,20 10,89 16,22 31,70
aline 1,11 4,10 6,28 13,7¢ 17,30 33,16 20,75 35,10
fryptophan 0,35 1,52 2,30 ¢,21 6,08 7,38 7,02 8,52
Nethionine 0,11 1,83 3,79 6,02 8,12 11,86 9,6¢ 11,58
fyrosine 0,66 1,45 2,40 4,49 5,60 5,67 7,20 10,52
Alanine 3,88 11,237 16,4¢ 34,75 31,76 38,30 43,30 49,60
Proline24 +
threoning 1002 7,08 11,37 18,20 27,63 32,35 36,05 27,35
f::;“'“ 1,66 6,97 9,68 18,70 38,35 34,60 45,50 58,20
Glyoine 1,36 3,81 5,00 10,66 16,86 20,40 17,30 17,32
Serine 0,60 3,04 4,88 9,16 13,13 16,85 17,67 22,00
dspartio
sotd + 0,68 5,08 5,61 9,00 14,37 18,80 20,65 25,80
argining~ 42
Hetidine 0,52 3,53 §,61 8,41 13,93 16,96 16,20 1¢,30
lysine 0,17 0,27 0,60 0,91 1,80 1,05 0,96 1,385
?
,z:ﬁ,m 12,93 63,04 91,50 156,60 233,01 373,77 288,76 340,64
L —

“verage value of three samples
"Prolinc + threonine -~ expressed as proline
““eparaginto actd + arginine - ezpressed as arginine




Content of free amino actds in "

préut”, during ite’ ouring

and drzing
(Aamole/g. of dry substance)*
Table 14.

o H a m ¢ "Pr§ut"after drging
Amino aeids Raw After 2 2 3 '] S 6

;:ﬁ";g month months months monthe months months

1 days

Leuoitne +
isoleucine 3288 24,80 \39,10 43,30 58,09 68,90 72,60 78,17
Pheny 1~ 0,52 7,93 11,35 17,06 22,65 30,34 29,80 35,91
azanin‘ ] o » » F ! » E r ] 2
Valine 3,81 11,15 16,80 27,08 34,82 3,17 38,10 41,65
Iryptophan ¢, 7g 4,14 6,45 8,94 13,30 14,35 14,56 14,11
Nethionine 0,33 4,96 10,22 13,78 16,42 22,90 17,72 19,18
fyrosine 2,06 3,94 6,46 9,63 11,34 10,76 13,2¢ 17,42
Alanine 10,96 30,60 44,30 52,50 64,27 73,80 79,52 82,12
Proling+ ’
threonine 3,14 19,823 30,39 40,71 56§,70 62,47 48,70 45,25
a’j’;;“"“ 6,08 18,95 6,12 39,70 57,36 @¢e,80 83,60 96,40
Glyoine 3,82 10,35 18,73 22,40 34,10 39,40 31,60 28,66
Sering 1,83 8,36 13,17 19,43 34,68 30,59 33,45 36,41
i8partie .
goid + 1,77 13,80 15,18 19,10 29,08 36,28 37,94 €3,7¢
argining 44
bistiding 1,59 9,7¢ 12,14 17,85 28,20 32,76 30,35 23,80
lyaing 0,52 0,73 1,3¢ 1,34 2,42 2,03 1,77 2, 3¢
——
Totay
Onteps 39,79 168,87 246,69 331,82 51,43 53¢, 39 $31,95 663,66
S ——
“Uvergge value of three sampiles
"PPOZinc + threonine - éxpressed as proline

4y paraginie

acid + arginineg - éxpressecd as arginime
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C. AFTER DRYING FOR 36 pAYS (PINISRED PrRODUCT)
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Fig. 4. Cut surface appearance of experimentally

produced dry bacon
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